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(54) Opening device for a cold gas inflator 

(57) A cold gas inflator has an opening device (1) 
for rupturing a burst disk (17). The cold gas inflator is 
filled with stored gas. The cold gas inflator has a burst 
disk, which prevents the stored gas from exiting a pres- 
sure vessel (10). In the event of a automobile accident, 
the opening device is actuated, which causes the igni- 



tion of pyrotechnic material. This ignition generates a 
Shockwave of sufficient energy to rupture the burst disk. 
The stored gas flows into the diffuser (21) and then exits 
the cold gas inflator in the radial direction. In another 
embodiment, the stored gas exits the cold gas inflator 
in the axial direction. 
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Description 

. [0001] The present invention relates generally to 
safety devices to protect occupants of moving vehicles. 
More particularly, the present invention relates to an 
opening device for a cold gas inflator. 
[0002] It is well known in various technologies to re- 
quire the rapid release of pressurized fluid from a pres- 
sure vessel. Examples of such technologies include ve- 
hicle occupant inflatable restraints, fire suppression sys- 
tems, and. emergency air containers. 
[0003] In the field of vehicle occupant inflatable re- 
straints, the cold gas inflator inflates a vehicle airbag by 
releasing stored gas. The stored gas generally compris- 
es one or more inert gases such as argon or helium, and 
in the event of an automobile crash, the stored gas exits 
the cold gas inflator and flows into an airbag, which 
causes the airbag to inflate. Since cold gas inflators re- 
lease stored gas, these inflators do not have the prob- 
lems typically associated with other types of inflators 
such as toxic gas and hot inflation gas. 
[0004] Cold gas inflators are suitable for use in inflat- 
ing curtain, thorax, and head and thorax airbags. Curtain 
airbags are mounted in the roof of a vehicle and when 
inflated, protect the occupant's head. Thorax airbags 
are mounted lower than curtain airbags and are gener- 
ally mounted in vehicle seats. 

[0005] Cold gas inflators are equipped with a dis- 
charge opening, and the stored gas must travel through 
this passageway to exit the pressure vessel. Typically, 
the discharge opening has a blocking member, which 
prevents the stored gas from passing through the dis- 
charge opening and escaping the pressure vessel. Dur- 
ing an automobile crash, an opening device must quick- 
ly remove the blocking to allow the airbag to be rapidly 
deployed. It is paramount that the opening device be re- 
liable so that the actuation of an opening device always 
yields an unblocked discharge opening. Along with be- 
ing reliable, it is desirable for the opening device to be 
made from as few parts as possible. An example of an 
opening device operates by removing a support for a 
sealing element. Once the sealing element loses its sup- 
port, the sealing element ceases to block the discharge 
opening and the stored gas is able to flow through the 
discharge opening. This type of opening device is 
known from US 6 247 725 B1 . Another type of opening 
device works by generating a shock wave. The inflator 
in WO 01/42047 A2 uses a shock wave to open a burst 
disc, which causes the stored gas to escape from the 
gas vessel. The inflator in US 5 022 674 also uses a 
shock wave to break the disk permitting inflation gas to 
exit the pressure vessel. 

[0006] In the present invention, the cold gas inflator 
includes an opening device for unblocking the discharge 
opening. The discharge opening is blocked with a burst 
disk, and the burst disk has a dome-shape configuration 
when the pressure vessel is filled with stored gas. The 
opening device for the present invention is an igniter 
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with an ignition material and a nozzle, which both retains 
the igniter to the igniter endcap and also focuses the 
output energy of the igniter greatly increasing the relia- 
ble opening of the burst disc. Actuation of. the igniter re- 

5 suits in the generation of a shock wave, which has 
enough energy to fully rupture the burst disk. Once the 
burst disk has been ruptured, the stored gas is not ob- 
structed by the burst disk and is able to leave the inflator 
by flowing through the discharge opening. 

10 [0007] According to one aspect of the invention, the 
cold gas inflator is provided with an orifice plate to re- 
strict the flow of stored gas through the discharge open- 
ing. 

[0008] Another aspect of the invention includes an ax- 
15 ial flow diffuser to direct the stored gas out of the cold 
gas inflator in an axial direction as oppose to a radial 
direction. In this embodiment, the gas flows away from 
the inflator along the longitudinal axis of the inflator. In 
this embodiment, the acute angle formed between the 

20 longitudinal axis of the opening device and the longitu- 
dinal axis of the pressure vessel is greater than 10°. 
[0009] In a further aspect of the invention, the cold gas 

' inflator has axial flow elbow to direct the stored gas out 
of the inflator in an axial direction. With the axial flow 
25 elbow, the stored gas does not flow along the longitudi- 
nal axis of the pressure vessel. 

Brief Description of the Drawings 

30 [0010] 

FIG. 1 is a partial cross sectional schematic dia- 
gram of a cold gas inflator with a radial flow diffuser. 
FIG.2issimilartoFIG. 1 except that the orifice plate 
35 is located further downstream in the pressure ves- 
sel. 

FIG. 3 is a partial cross sectional schematic dia- 
gram of a cold gas inflator with an axial flow diffuser. 
FIG. 4 is similar to FIG. 3 except that the cold gas 
40 inflator has a flow diverter. 

FIG. 5 is a partial cross sectional schematic dia- 
gram of a second embodiment of a cold gas inflator 
with an axial flow diffuser. 

45 Detailed Description of the Invention 

[0011] FIG. 1 shows an exemplary cold gas inflator 
for use in an automotive safety restraint system. The 
cold gas inflator has a pressure vessel 10 filled with 

50 stored gas 1 1 , which is released from the inflator during 
an automobile crash to inflate a vehicle airbag. The 
pressure vessel 10 has a generally cylindrical shape; it 
is understood that a pressure vessel having a spherical 
shape may also be used in the practice of the present 

55 invention. The pressure vessel 10 has a circular cross 
section. The pressure vessel 1 0 may be formed of stain- 
less steel, low carbon steel, or any other suitable mate- 
rial, which has sufficient strength and extremely low per- 
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meability to the gas. 
[0012] The ideal characteristics for the stored gas 1 1 
are that the gas is inert is not highly temperature sen- 
sitive, and has a high inflation speed. According to the 
. present invention, the storage pressure of the inert gas 5 
is between 41 ,370 kPa and. 46,540 kPa. It is possible to 
design a cold gas inflatorthat operates properly under 
a pressure between 3447 kPa and 82740 kPa using ei- 
ther an inert or diatomic gas. 

[001 3] The stored gas can include one or more gases, 10 
which include argon, neon, xenon, helium and nitrogen. 
Preferably, the stored gas consists of a mixture of argon 
and helium. The preferred gas percentages for an ar- 
gon/helium system include a gas mixture having from 
5-1 00% helium with the remaining amount being argon. 15 
The sum of the gas percentages for helium and argon 
equals 100%. 

[001 4] The pressure vessel 1 0 is filled with stored gas 
11 through the gas fill port 13 in the first end 6 of the 
pressure vessel. The gas fill port is sealed by a plug 12 20 
made from carbon steel to prevent gas from escaping 
after the pressure vessel 11 has been filled to the de- 
sired pressure. It is preferred that the plug is secured to 
the gas fill port 1 3 by a resistance weld, but one skilled 
in the art realizes that other types of welding could be 25 
utilized to fuse the plug 12 to the pressure vessel 10. 
[0015] The gas fill port 13 is located on a first end 6 
of the pressure vessel 10, and an opening device 1 for 
unblocking the discharge opening 14 by rupturing a 
burst disk 17 is located on a second end 7. With refer- 30 
ence to FIG. 1 , the opening device is attached to a dif- 
fuser 21 , which is attached to the pressure vessel 10. 
The diffuser may be formed of stainless steel, low car- 
bon steel, or any other suitable material having sufficient 
structural strength. The generally cylindrical diffuser can 35 
be telescopically inserted into the generally cylindrical 
vessel. The diffuser 21 is connected to the cylindrical 
vessel by a circumferential weld, preferably a TIG weld, 
but other suitable welding techniques can be employed. 
One skilled in the art realizes that telescopic insertion 40 
of the diffuser to the pressure vessel may not be desired 
for other types of welding, specifically friction welding, 
where a butt joint is the preferred geometry. 
[0016] When the burst disk 1 7 is attached to the dif- 
fuser 21 , it has a flat shape, but the burst disk flexes 45 
towards the opening device 1 when the pressure vessel 
10 is filled. The stored gas 11 applies uniform pressure 
against the burst disk resulting in its dome shape con- 
figuration. In order to decrease the filling time for the 
pressure vessel, the diffuser legs 23 are able to bend 50 
during the filling of the pressure vessel 1 0 thus distrib- 
uting the load to the burst disc preventing pre-mature 
rupture of the burst disc 17 during filling. After filling of 
the pressure vessel 1 0, the legs 23 do not return to their 
original shape. Preferably, the legs 23 bend approxi- 55 
mately 4 degrees. It is recognized by those skilled in the 
art that a rigid diffuser may also be used in conjunction 
with a hydro-forming process which bulges the disc in 



4 

the direction of the opening device to amount greater 
than seen during gas fill. In doing so the gas fill rate may 
be increased without risk of pre-maturely failing the 
burst disc. 

[0017] A burst disk 17 seals the discharge opening 14 
and prevents the stored gas 1 1 from escaping the pres- 
sure vessel 10 after it is filled with gas. For the present 
invention, the burst disk must meet the following con- 
straints. The burst disk must survive 1 .1 times produc- 
tion fill rate or greater. The burst disk must meet USCAR 
4500 pressure cycles with no helium leak. The burst disk 
must open reliably at -40 °C. Lastly, the burst disk must 
hydro-burst at a minimum pressure of 1.25 times the 
proof pressure and a maximum of 0.8 times the mini- 
mum pressure vessel hydro-burst pressure. According 
to the present invention, the burst disk may be made 
from stainless steeL inconel material, monel material or 
any other suitable material that meets the aforemen- 
tioned constraints. The hardness of the burst disk 
should be between "half hard" and "full hard" to minimize 
burst disk thickness. Hardness is the degree to which a 
metal will resist cutting, abrasion, penetration, bending 
and stretching. The indicated hardness of metals will dif- 
fer somewhat with the specific apparatus and technique 
of measuring. The preferred thickness for the burst disk 
is 0.203 mm for 41 ,370 kPa ambient fills and 0.254 mm 
for 46,540 kPa ambient fills. The burst disk is attached 
to the diffuser by a YAG Laser but could be attached by 
other welding techniques. 

[0018] The opening device 1 comprises an electrically 
- actuated igniter 3, an end cap 4 ; and optionally an igniter 
nozzle 8. The opening device 1 is positioned so that the 
longitudinal axis of the opening device is essentially par- 
allel with a longitudinal axis of the pressure vessel 10. 
The igniter 3 communicates with a central processing 
unit (not shown), which in turn communicates with a sen- 
sor means (not shown). The sensor means can be of 
any type presently used in the art to sense a collision or 
sudden deceleration of a vehicle. The electric firing pins 
2 are insulated from one another and connected by a 
bridge wire, (not shown) The bridge wire is preferably 
embedded in one or more layers of pyrotechnic compo- 
sitions designed to generate a Shockwave to rupture the 
burst disk 1 7. An example of a suitable pyrotechnic com- 
position or ignition material for the present invention is 
zirconium potassium perchlorate orZPP, however, one 
skilled in the art realizes that other ignition material 
could be used in the present invention. Examples of ig- 
niter suppliers include SDI and EMS-Patvag. The pre- 
ferred embodiment for the present invention has a 
bridge wire igniter, but a semiconductor bridge igniter or 
a smart igniter can also be used. 

[0019] An end cap 4 houses the igniter 3. The igniter 
can be connected to the end cap 4 by crimping, welding, 
screwing, or other suitable attachment means. The end 
cap 4 is attached to the diffuser 21 by crimping by one 
skilled in the art appreciates that other methods of at- 
tachment are suitable without departing from the scope 
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of the present invention. 

[0020] The opening device 1 may also comprise an 
igniter nozzle 8 for directing the output energy from the 
ignition of the ignition material towards the burst disk 1 7. 
As shown in FIG. 1 , the nozzle is tapered inward in the 
direction of the burst disk 17. Without the igniter nozzle 
8 ; the igniter would still rupture the burst disk 1 7 but will 
need to be loaded with extra ignition material. It is also 
possible to utilize an igniter with reinforced walls, which 
would eliminate the need for a nozzle 8. These rein- 
forcement walls would act in a similar fashion to the noz- 
zle 8 by focusing the output energy in the direction of 
the burst disc 1 7. 

[0021] With reference to FIG. 1, the nozzle 8 is at- 
tached to the end cap 4 by crimping, but other methods 
of attachment are suitable such as press fit or welding. 
The nozzle is preferably made from standard carbon 
steel and has an opening 9 that is less than the size of 
the discharge opening 14, with a preferred range of 2 
mm to 8 mm. 

[0022] Upon the detection of a crash or a sudden de- 
celeration, the burst disk 17 is ruptured by the opening 
device 1. As discussed above, the ignition material is 
ignited by a bridgewire. The explosion of the ignition ma- 
terial generates a Shockwave that breaks apart the burst 
disk 17. In order for the burst disk 17 to rupture, the 
opening device 1 is disposed less than 8.0 mm away 
from a center of the fully domed burst disk. Once the 
burst disk 17 is opened, stored gas from the pressure 
vessel 1 0 escapes through the outlet vents 22 in a radial 
direction. The cold gas inflator has a fragment screen 
20a to capture fragments from the ruptured burst disk 
so that these fragments will not wind up in the airbag. 
[0023] There are several methods of controlling the 
gas flow rate. One method of controlling the gas flow 
rate is to increase/decrease the diameter of the outlet 
vents 22. Another method is to increase/decrease the 
diameter of the discharge opening 14. Lastly, a regulat- 
ing orifice plate 18 can be installed in the pressure ves- 
sel to control the rate of gas discharge. In the preferred 
embodiment as shown in FIG. 1, the orifice plate 18 is 
mounted flush against the diffuser 21 . The stored gas 
11 flows through the orifice 19 of the orifice plate 18. 
FIG. 2 shows an alternate embodiment where the orifice 
plate 1 8 is installed further downstream. The presence 
of a downstream orifice plate 1 8 affects the flow rate of 
the stored gas 11 through the discharge opening 14 
since the discharge opening 1 4 has a greater area than 
the orifice 19. A first quantity of stored gas 11 , which is 
the stored gas 11 between the discharge opening 14 
and the orifice plate 18, flows through the discharge 
opening 14. On the other hand, a second quantity of 
stored gas 1 1 , which is stored gas 1 1 between the orifice 
plate 18 and the first end 6, must flow through both the 
orifice 19 and the discharge opening 14. It is preferred 
that the orifice plate 18 be disposed in a position closer 
to the second end 7 of the pressure vessel than the first 
end 6 thus limiting the amount of unthrottled gas to an 



energy level sufficient to complete the rupturing of the 
burst disc. By doing so the initial onset of the pressure 
time curve may be reduced thus aiding the inflator in 
meeting out of position requirements during occupant 
5 level testing. An axial flow cold gas inflator is shown in 
FIG. 3. 

[0024] Unlike the radial flow cold gas inflator the axial 
flow cold gas inflator has an opening device mounted 
an angle C. As shown in FIG. 3, angle C is the acute 

10 angle formed by the interception of the longitudinal axis 
B of the opening device and the longitudinal axis A of 
the pressure vessel 10. The opening device could be 
mounted at any angle C, but the preferred angle C is 
greater than 10°. 

15 [0025] By mounting the opening device at an angle, 
a large flow area is allowed for the escaping gas in the 
axial direction which allows for superior packaging 
schemes over conventional radial flow concepts which 
convert the gas to axial flow via an external manifold 

20 (not shown). In is preferred that the opening device 11 
is recessed within the axial flow coupler 31 so that no 
portion of the opening device 11 extends beyond the 
cross-section of the pressure vessel 10. 
[0026] The axial flow cold gas inflator has an opening 

£5 device that similar to the opening device for FIG. 1, 
which was discussed above. The stored gas 11 escapes 
through the axial flow intermediate member 30 and 
through the axial flow coupler 31 . The stored gas then 
passes through the optional fragment screen 20b at the 

30 end of the axial flow coupler. The axial flow coupler di- 
rects the gas to flow in an axial direction as it exits the 
cold gas inflator In order to adhere to Department of 
Transportation regulations, the axial flow cold gas infla- 
tor can have a flow diverter 32 attached to the end of 

35 the axial flow coupler 31 as shown in FIG. 4. The flow 
diverter 32 changes the gas flow of the cold gas inflator 
from axial flow to radial flow. 

[0027] An alternative embodiment for the axial flow in- 
flator is presented in FIG. 5. The cold gas inflator is of 

40 radial design and has an axial flow elbow 41 externally 
attached to the inflator to convert the gas flow from radial 
to axial. The stored gas 1 1 travels from the pressure ves- 
sel 1 0 to the axial flow elbow 41 and into an airbag cush- 
ion (not shown). The direction of the flowing gas from 

^5 the axial flow elbow 41 is parallel to the longitudinal axis 
A of the pressure vessel 11; however, the gas exiting 
the cold gas inflator does not overlap the longitudinal 
axis A of the pressure vessel 10. 



55 a pressure vessel (1 0) having a second end (7) 

with a discharge opening (14), the discharge 
opening closed by a burst disk (17), the burst 
disk being remote from a first end (6) of the 
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1. A cold gas inflator comprising: 
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pressure vessel; 

the burst disk (1 7) is between half hard and full 
hard to minimize burst disk thickness; and 
an opening device (1) for rupturing the burst 
disk (17). 

The cold gas inflator according to claim 1 , wherein 
the center of the burst disk (1 7) in less than 8.0 mm 
from away from the opening device (1). 

The cold gas inflator according to claim 1 , wherein 
the opening device (1) comprises an igniter (3) and 
a nozzle (8) for focusing an output energy of the ig- 
niter (3). 

The cold gas inflator according to claim 1, further 
comprising an orifice plate (18) for controlling a gas 
flow rate, the orifice plate is disposed in closer prox- 
imity to the second end (7) of the pressure vessel 
than to the first end (6) of the pressure vessel. 

The cold gas inflator according to claim 4, wherein 
the orifice plate (1 8) is mounted flush against a dif- 
fuser (21). 

The cold gas inflator according to claim 1 , wherein 
the opening device (1 ) is positioned so that a longi- 
tudinal axis (A) of the opening device is essentially 
parallel with a longitudinal axis (B) of the pressure 
vessel (10), and further comprising a diffuser (21) 
connecting the burst disk (17) to an outlet vent, the 
outlet vent is arranged on the diffuser so that a gas 
from the pressure vessel exits the inflator in a radial 
direction. 

The cold gas inflator according to claim 6 wherein 
the diffuser (21 ) has bendable legs (23) for reducing 
fill time for the pressure vessel (10), the burst disk 
(1 7) is connected to the bendable legs. 

The cold gas inflator according to claim 1 further 
comprising an intermediate member connecting the 
burst disk (1 7) to an axial flow coupler (31 ), the axial 
flow coupler directs a gas from the pressure vessel 
(10) in a direction parallel to a longitudinal axis (B) 
of the pressure vessel and the opening device (1) 
is positioned at a non-zero angle (C) relative to the 
longitudinal axis of the pressure vessel. 
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device extends beyond the cross-section of the 
pressure vessel (10). 

11. The cold gas inflator according to claim 10 further 
comprising a flow diverter for diverting the gas flow 
to a direction that is essentially perpendicular to the 
longitudinal axis (B) of the pressure vessel (10). 

12. The cold gas inflator according to claim 10, wherein 
the intermediate member has bendable legs (23) for 
reducing fill time for the pressure vessel (10), the 
burst disk (17) is connected to the bendable legs 
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9. The cold gas inflator according to claim 8, wherein so 
an acute angle (C) formed between a longitudinal 
axis (A) of the opening device (1 ) and the longitudi- 
nal axis (B) of the pressure vessel (10) is greater 
than 10°. 

55 

10. The cold gas inflator according to claim 8 wherein 
the opening device (1) is recessed within the axial 
flow coupler (31) so that no portion of the opening 
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